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(57) ABSTRACT 

A semiconductor Wafer is radiated With an electron beam so 
that the inelastic scattering takes place in the narroW region, 
and current ?oWs out from the narroW region; the amount of 
current is dependent on the substance or substances in the 
narroW region so that the analyst evaluates the degree of 
contamination on the basis of the substance or substances 
speci?ed in the narroW region. 

13 Claims, 9 Drawing Sheets 
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SURFACE CONTAMINATION ANALYZER 
FOR SEMICONDUCTOR WAFERS, METHOD 

USED THEREIN AND PROCESS FOR 
FABRICATING SEMICONDUCTOR DEVICE 

RELATED APPLICATIONS 

This application is a divisional of application Ser. No. 
10/831,851 ?led 04/26/2004 now US. Pat. No. 6,943,043, 
Which is a divisional of application Ser. No. 10/083,440 (now 
US. Pat. No. 6,753,194), ?led Feb. 26, 2002, Which claims 
bene?t of priority under 35 U.S.C. § 119 to Japanese Patent 
Application No. 2001-58075, ?led on Mar. 2, 2001. 

FIELD OF THE INVENTION 

This invention relates to fabrication technologies for semi 
conductor devices and, more particularly, to a surface con 
tamination analyzer for semiconductor Wafers, a method used 
therein and a process for fabricating a semiconductor device. 

DESCRIPTION OF THE RELATED ART 

Semiconductor devices have been enhanced in integration 
density, and, accordingly, miniature circuit components are 
integrated on the small semiconductor chip. If the surface of 
a semiconductor Wafer is contaminated With trace elements, 
the miniature circuit components are much liable to be dam 
aged, and the production yield is loWered. Research and 
development efforts are being made on 1 giga-bit DRAM 
(Dynamic Random Access Memory). The contamination due 
to the trace elements is serious in the process for fabricating 
the DRAMs. Of course, miniaturization is the key technolo 
gies in the development. A cleaning technology is also impor 
tant for the highly reliable ultra large scale integration 
devices. In fact, the requirement for an ultra clean surface is 
getting severe and severe. 

Organic compounds in the clean room and plasticiZer in the 
Wafer cassette are presently seemed to be origins of the con 
taminants. The organic contaminants are adhered to the sur 
faces of the semiconductor Wafers in the form of molecules 
and/or cluster, and are causative of reduction in production 
yield. A particle of organic compound is assumed to be 
adhered to the surface of a semiconductor Wafer. The organic 
compound particle is an obstacle in the removal of natural 
oxide. Even though the manufacturer exposes the surface of 
the semiconductor Wafer through the removal of the natural 
oxide before the deposition of metal, the organic compound 
particle does not alloW the etchant to remove the natural oxide 
therebeneath. This means that a part of the metal layer is held 
in contact With the residual natural oxide on the surface of the 
semiconductor Wafer. Although the resistance in the direct 
contact betWeen the metal layer and the semiconductor Wafer 
is fallen Within a target range, the contact resistance is locally 
increased, and uniform contact resistance is not achieved. 

Organic contaminant particles are assumed to be adhered 
to a surface of semiconductor Wafer. Dopant impurity may be 
ion implanted into the surface of the semiconductor Wafer/ 
semiconductor layer. The organic contaminant particles are 
also obstacle against the ion-implantation, and do not alloW 
the impurity region to have a target impurity pro?le. If the 
impurity region is used for a channel region or diode, the ?eld 
effect transistor or diode does not exhibit designed character 
istics. Especially, the channel region forms a part of ?ash 
memory. Electrons or holes are injected and evacuated 
through the gate oxide layer betWeen the channel region and 
the ?oating electrode. The residual organic contaminant par 
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2 
ticles accelerate the aged deterioration, and, accordingly, 
reduce the duration of life as reported by Toshiyuki IWamoto 
in “Research for Highly Reliable Extremely Thin Oxide 
Layer”, dissertation for a doctor degree, Tohoku University, 
March, 1998. 

Semiconductor Wafers are concurrently conveyed from an 
apparatus to another as a lot. Since the time period consumed 
in an apparatus is different from the time period consumed in 
another apparatus, the semiconductor Wafers are to Wait until 
the previous lot is unloaded from the apparatus, and are 
exposed to the atmosphere in the clean room. While the 
semiconductor Wafers are being exposed to the atmosphere, 
the molecular contaminants or contaminant clusters are 
unavoidably adhered to the surfaces of the semiconductor 
Wafers. The Waiting time is different betWeen the lots, and, 
accordingly, the semiconductor Wafers are different in degree 
of contamination from one another. The contaminants are 
in?uential in the electric properties of the semiconductor 
Wafers. Thus, accurate evaluation technologies are required 
for the ultra large-scale integration devices. 
A Wide variety of material is used in the processes for 

fabricating the ultra large-scale integration devices. Silicon 
dioxide, i.e., SiO2 is popular to the semiconductor device 
manufacturers. Other kinds of insulating material such as, for 
example, SiOF, HSQ, SiN and Ta2O5 are employed in the 
ultra large-scale integration devices. Semiconductor Wafers 
are cleaned in certain cleaning solution such as Water solution 
containing sulfuric acid and hydrogen peroxide or Water solu 
tion containing ammonia and hydrogen peroxide. The con 
taminants are removed through chemical reactions With these 
kinds of cleaning solution. HoWever, neW cleaning technolo 
gies are required for the neW kinds of material. Physical 
phenomena are employed in the cleaning technologies for 
those kinds of material. The contaminants are, by Way of 
example, removed from semiconductor Wafers by using 
mega-sonic or ultra sonic. These cleaning technologies are 
effective against contaminants on the surfaces of the semi 
conductor Wafers. HoWever, the cleaning solution and/or the 
physical energy hardly reaches the contaminants in deep val 
leys or trenches and micro-holes formed in the three-dimen 
sional structure. If the contaminants are left on the bottom 
surfaces of the trenches and micro-holes, the residual con 
taminants vary the electric properties, and the circuit compo 
nents formed in the trenches and micro-holes do not exhibit 
designed characteristics. The defective circuit components 
are causative of reduction in production yield. Even though 
the products pass the inspections, malfunction is liable to take 
place in the products, and, accordingly, those products are 
less reliable. 

In order to cope With the contamination, it is necessary to 
evaluate the surface contamination Without any damage to the 
complicated surface con?guration for optimiZing the clean 
ings. A total re?ection ?uorescent x-ray spectroscopy has 
been developed for the surface evaluation. The total re?ection 
?uorescent x-ray spectroscopy is usually abbreviated as 
“TXRF”. Monochromatic x-ray is radiated to the surface of a 
semiconductor Wafer at a small incident angle. The semicon 
ductor Wafer and contaminants generate ?uorescent x-ray to 
a semiconductor detecting unit, and the contaminants are 
speci?ed on the basis of the ?uorescent x-ray incident onto 
the semiconductor detecting unit. Metal contaminants are 
Well detected through the total re?ection ?uorescent x-ray 
spectroscopy. HoWever, contaminants essentially composed 
of carbon-containing/nitrogen-containing molecules are 
hardly detected through the total re?ection ?uorescent x-ray 
spectroscopy. Moreover, the mono-chromatic x-ray does not 
reach the bottom surfaces of extremely deep trenches, 



US 7,700,380 B2 
3 

because the incident angle is small, and the contaminants on 
the bottom surfaces are not detectable. 

A surface contamination analyzer With an optical detector 
is disclosed in Japanese Patent Application laid-open No. 
7-221148. Infrared light is radiated from a light source to the 
surface of a semiconductor Wafer, and the re?ected infrared 
light is incident on the surface at a predetermined angle. The 
infrared light is re?ected on the surface, again, and the re?ec 
tion is analyZed through a spectral analysis. The contaminants 
essentially composed of carbon-containing/nitrogen-con 
taining molecules are detected Without serious damage to the 
semiconductor Wafer. 

Another prior art surface contamination analyZer is dis 
closed in Japanese Patent Application laid-open No. 
9-243535. Carrier gas ?oWs over the surface of a semicon 
ductor Wafer, and laser light is radiated onto a certain area of 
the surface. The contaminants are vaporiZed in the radiation 
of the laser light, and the gaseous contaminant is ioniZed 
together With the carrier gas. The ioniZed gas is analyZed 
through a mass spectrometry, and the contaminants are speci 
?ed on the basis of the analysis result. Even if the contami 
nants are on the bottom surfaces of the extremely deep 
trenches, the laser light reaches the contaminants so as to 
vaporize them. Thus, the contaminants in the extremely deep 
trenches are analyZable through the second prior art surface 
contamination analysis. 
A problem inherent is encountered in the ?rst prior art 

surface contamination analysis technology in a small signal 
to-noise ratio of the re?ection from the trenches/holes With 
large aspect ratios. This is because of the fact that the ?rst 
prior art surface contamination analyZer is to keep the inci 
dent light at the predetermined angle. In other Words, the limit 
is set on the incident angle in the surface contamination 
analysis so that the re?ected infrared light does not reach the 
bottoms of the trenches/holes With the large aspect ratios. 
On the other hand, a problem inherent in the second prior 

art surface contamination analyZer is a small signal-to-noise 
ratio of the vapor generated from an extremely narroW area. 
When the vapor is generated from a relatively Wide area, a 
large amount of contaminants is vaporiZed, and the mass 
spectrometry is surely reliable. HoWever, the amount of con 
taminants vaporiZed from an extremely narroW area is too 
little to analyZe it through the mass spectrometry. Thus, the 
second prior art surface contamination analyZer is not avail 
able for a detailed report. 

If the analysis on the surface contamination is inaccurate, it 
is dif?cult to optimiZe the cleaning against the contamination, 
and the residual contaminants are carried from an apparatus 
to another through the contaminated semiconductor Wafer. 
This results in reduction in production yield and poor reli 
ability of semiconductor devices. The surface contamination 
analysis is an important step in the process for fabricating a 
semiconductor device. 

SUMMARY OF THE INVENTION 

It is therefore an important object of the present invention 
to provide a surface contaminant analyZer, Which is available 
for a detailed report on a surface contamination With carbon, 
nitrogen-containing molecules or cluster regardless of the 
surface con?guration of a specimen. 

It is also an important object of the present invention to 
provide an analyZing method used in the surface contamina 
tion analyZer. 

It is another important object of the present invention to 
provide a process for fabricating a semiconductor device 
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4 
through Which the production yield and reliability of semi 
conductor device are enhanced. 

In accordance With one aspect of the present invention, 
there is provided a surface contamination analyZer compris 
ing an electron beam radiating unit including an electron gun 
for radiating an electron beam along a certain path, and a 
current measuring unit including a Wall de?ning a chamber 
into Which the certain path extends, a movable stage mount 
ing a sample and moved so as to align a target region With the 
certain path and a current measuring equipment electrically 
connected betWeen the sample and a constant voltage source 
for measuring the amount of current ?oWing out from the 
target region under the radiation of the electron beam onto the 
target region. 

In accordance With another aspect of the present invention, 
there is provided a method for investigating a degree of con 
tamination on a target region of a contaminated sample com 
prising the steps of a) aligning the target region of the con 
taminated sample With a path of an electron beam, b) 
measuring the amount of current ?oWing out from the target 
region under radiation of the electron beam, c) comparing the 
amount of current With the amount of reference current ?oW 
ing out from a region of a reference sample corresponding to 
the contaminated sample for determining a difference 
betWeen the amount of current measured and the amount of 
reference current, and d) determining the degree of contami 
nation on the target region on the basis of the difference. 

In accordance With yet another aspect of the present inven 
tion, there is provided a process for fabricating a semicon 
ductor device comprising the steps of a) treating the semicon 
ductor Water in an atmosphere potentially having an origin of 
contamination, b) investigating a degree of contamination on 
the semiconductor Wafer through sub-steps of b-1) aligning a 
target region of the semiconductor Wafer With a path of an 
electron beam, b-2) measuring the amount of current ?oWing 
out from the target region under radiation of the electron 
beam, b-3) comparing the amount of current With the amount 
of reference current ?oWing out from a region of a reference 
Wafer corresponding to the semiconductor Wafer for deter 
mining a difference betWeen the amount of current measured 
and the amount of reference current and b-4) determining the 
degree of contamination on the semiconductor Wafer on the 
basis of the difference, c) evaluating the degree of contami 
nation to see Whether or not a cleaning is required for the 
semiconductor Wafer, d) decontaminating the semiconductor 
Wafer When the ansWer at step c) is given a?irmative and e) 
treating the semiconductor Wafer in another next atmosphere. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The features and advantages of the surface contamination 
analyZer, method and the process for fabricating a semicon 
ductor device Will be more clearly understood from the fol 
loWing description taken in conjunction With the accompany 
ing draWings in Which: 

FIG. 1 is a schematic vieW shoWing the arrangement of a 
surface contamination analyZer according to the present 
invention; 

FIG. 2 is a cross sectional vieW shoWing the structure of a 
silicon Wafer used in an experiment; 

FIG. 3 is a graph shoWing the results of a time-?ight sec 
ondary ion mass spectrometry; 

FIG. 4 is a graph shoWing a dispersion of contamination on 
a silicon Wafer; 

FIG. 5 is a schematic vieW shoWing the arrangement of 
another surface contamination analyZer according to the 
present invention; 
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FIG. 6 is a graph showing the relation between the incident 
angle of an electron beam and the amount of current mea 

sured; 
FIG. 7 is a graph showing the relation between the accel 

eration energy of an electron beam and the projection range of 
electrons; 

FIG. 8 is a ?owchart showing a process sequence contain 
ing the surface contamination analysis according to the 
present invention; and 

FIG. 9 is a ?owchart showing another process sequence 
containing the surface contamination analysis according to 
the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

According to the present invention, an electron beam is 
radiated onto a target substrate and a reference substrate the 
surface state of which has been already known. The electron 
beam gives rise to current ?owing through the target substrate 
and the reference substrate to a constant voltage source. The 
amount of current ?owing through the target substrate is 
compared with the amount of current ?owing through the 
reference substrate, and the surface contamination of the tar 
get substrate is evaluated on the basis of the difference ther 
ebetween. 
Assuming now an narrow target area is contaminated with 

chemical molecules or cluster, the electron beam radiation 
gives rise to continuous inelastic scattering in the chemical 
molecules/cluster as well as the substrate. The primary elec 
tron looses part of the energy, and part of the excited electron 
does not reach the surface of the substrate. The atoms are 
partially ioniZed. For this reason, the electric charges do not 
balance in the bulk, i.e., the chemical molecules/cluster and 
the substance forming the substrate. In order to recover the 
balance, the current ?ows through the substrate. The current 
is called as “absorption current”. The amount of current is 
strongly dependent on the electron scattering in the material 
forming the substrate. This is because of the fact that the band 
gap is different from each other. Semiconductors have band 
gaps wider than those of metals and narrower than those of 
insulators. In metal, the secondary electrons are much liable 
to exceed the forbidden band, and lose the energy through the 
interaction with the electrons in the lattice. On the other hand, 
the interaction hardly takes place in the insulator, because the 
forbidden band is wide. In other words, the electrons are less 
liable to lose the energy loss. Thus, the amount of current is 
varied depending upon the material radiated with the electron 
beam. Accordingly, the material is speci?ed by comparing the 
amount of current measured with those of reference substrate. 
It is preferable to radiate the electron beam for a long time. 
The current is generated for the long time, and the amount of 
current is accumulated in the same period. The difference 
becomes large, and the sub stance in the target region becomes 
clearly discriminative. 
As will be understood, the electron beam is radiated onto 

the narrow area on the substrate at a predetermined accelera 
tion energy. The electron beam causes the electron scattering 
to take place in the surface portion of the order of tens nanom 
eters thick, which is equal to the mean range of the electron 
beam. If a piece of hydrocarbon compound, which is electri 
cally insulating, is adhered to the surface of the substrate, the 
absorption current is different in amount from that ?owing 
through the substrate without any hydrocarbon compound. 
The surface state of the substrate is evaluated on the basis of 
the difference in the amount of absorption current. 
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6 
There is not any limit on the incident angle of the electron 

beam. Even if a contact hole with a large aspect ratio is 
formed in the surface portion of the substrate, the electron 
beam reaches the bottom of the contact hole by adjusting the 
incident angle to a large value. The absorption current ?ows 
out through the reverse surface of the substrate. The signal 
to-noise ratio is large enough to analyZe the material exactly. 

In another embodiment, the electron beam is radiated at an 
angle so as to measure the amount of current, and electron 
beam radiation is repeated at different angles so as to measure 
the amount of current in each electron beam radiation. In this 
instance, the amount of current ?owing through the target 
substrate at each angle is compared with the amount of cur 
rent ?owing through the reference substrate at the same angle. 
The surface contamination is accurately evaluated through 
the multiple comparison. 

In yet another embodiment, the target substrate is treated 
with heat in inert gas prior to the radiation with the electron 
beam, and the surface contamination is evaluated as described 
hereinbefore. The heat treatment may be repeated at different 
temperatures so as to measure the amount of current after 
each heat treatment. The accuracy of the evaluation is 
enhanced. 

In still another embodiment, the electron beam is acceler 
ated at a certain value of the acceleration energy, and the 
electron beam radiation is repeated at different values of the 
acceleration energy. The amount of current is measured at 
each electron beam radiation, and is compared with that mea 
sured through the reference substrate. 
According to the present invention, surface contamination 

analyZers each comprise current measuring units and electron 
beam radiating units. The current measuring unit has a mov 
able stage in a chamber thereof and an ampere meter, and the 
target substrate and the reference substrate are placed on the 
movable stage. The relative position between the target/ref 
erence substrates and the electron beam radiating unit is var 
ied by means of the movable stage. The target substrate and 
the reference substrate are electrically connected inparallel to 
the constant voltage source such as, for example, the ground. 
The electron beam radiating unit radiates an electron beam 
onto the target substrate and the reference substrate placed on 
the movable stage. The electron beam is focused on a narrow 
target area on the surface of the target/reference substrate. 
Then, current ?ows to the constant voltage source, and the 
amount of current is measured by means of the ampere meter. 

In a surface contamination analyZer implementing one of 
the embodiments, the movable stage is inclined with respect 
to the virtual surface where the target/reference substrates are 
moved relatively to the electron beam. The radiation angle is 
varied by inclining the target/reference substrates. 
The surface contamination analysis forms at least one step 

in a process for fabricating semiconductor devices. Various 
treatments such as, for example, diffusion, oxidation, depo 
sition and ion-implantation are selectively carried out on a 
semiconductor wafer at different steps of the fabrication pro 
cess. When the semiconductor wafer reaches the step of 
evaluating the surface state of the semiconductor wafer, the 
semiconductor wafer is placed on the movable stage as the 
target substrate. The surface contamination is investigated as 
described hereinbefore, and the result is evaluated to see 
whether or not a cleaning step is required for the steps to be 
carried out. If the surface contamination is serious, the semi 
conductor wafer is cleaned before proceeding to the next step. 
On the other hand, when the surface contamination is negli 
gible, the semiconductor wafer proceeds to the next step. 
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Plural sorts of cleaning step may be prepared for the semi 
conductor Wafer, and is selectively carried out depending 
upon the evaluation result. 

First Embodiment 

Referring to FIG. 1 of the draWings, a surface contamina 
tion analyZer embodying the present invention largely com 
prises a current measuring unit 1 and an electron beam radi 
ating unit 2. The current measuring unit 1 is formed With a 
chamber, and the electron beam radiating unit 2 projects into 
the chamber. A target such as, for example, a semiconductor 
Wafer 101 is placed in the current measuring unit 1, and is 
grounded. The electron beam 102 is radiated from the elec 
tron beam radiating unit 2 onto the semiconductor Wafer 101. 
The semiconductor Wafer 101 is on the Way to the end of a 
process for fabricating semiconductor devices, and a major 
surface 10111 of the semiconductor Wafer 101 is rough due to 
trenches, contact holes and loWer-level Wiring layers. The 
electron beam 102 is so thin that bottom surfaces of the 
valleys are radiated With the thin electron beam 102. 

The current measuring unit 1 is formed With a chamber 1a, 
and a movable stage 103 is provided in the chamber 1a. The 
movable stage 103 is movable on a virtual plane perpendicu 
lar to the electronbeam 102.A narroW area to be radiated With 
the electron beam is speci?ed in an orthogonal coordinate 
system or a polar coordinate system. The stage 103 is mov 
able in the tWo directions perpendicular to each other or in 
both of the direction of radius vector and the angle. The 
semiconductor Wafer 10111 is placed on the movable stage 
103, and the movable stage 103 aligns the target region With 
the electron beam 102. 

The current measuring unit 1 further comprises a collecting 
electrode 108 and an ampere meter 109. The collecting elec 
trode 108 is inserted betWeen the movable stage 103 and the 
semiconductor Wafer 101, and is connected through the 
ampere meter 1 09 to the ground 1 1 0. The connection betWeen 
the collecting electrode 108 and the ampere meter 109 is only 
one current path so that the absorption current does not How 
into the other component such as the movable stage 103. 

The electron beam radiating unit 2 comprises an electron 
gun 104, an anode 105, a constant voltage source 106 and an 
electron lens 107. The electron gun 104 is poWered by the 
constant voltage source 106, and radiates the electron beam 
102 toWard the movable stage 103. The anode 105 is appro 
priately biased by the constant voltage source 106, and accel 
erates the electron beam 102. The electron lens 107 is pro 
vided betWeen the electron gun 104 and the semiconductor 
Wafer 101 on the movable stage 103, and controls the amount 
of current of the electron beam 1 02 and the convergence of the 
electron beam 102. 

When the surface contamination in a target region of the 
semiconductor Wafer 101 is to be investigated, the semicon 
ductor Wafer 101 is placed on the collecting electrode 108, 
and the movable stage 103 makes the target region aligned 
With path through Which the electron beam 102 is radiated. 
The electron beam 102 is radiated from the electron gun 104, 
and is accelerated in the electric ?eld created by the anode 
105. The electron beam 102 is converged by the electron lens 
1 07, and is incident onto the target region on the major surface 
10111. The electron scattering takes place in the target region, 
and the current ?oWs into the collecting electrode 108. The 
current ?oWs from the collecting electrode 108 through the 
ampere meter 109 into the ground 110. The electron beam 
radiation is continued for a certain time period, and the value 
of current is accumulated in the ampere meter 109. The accu 
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mulated value is unique to a contaminant so that the analyst 
speci?es the contaminant on the basis of the accumulated 
value. 
The present inventors carried out the folloWing experi 

ment, and con?rmed that the surface contamination Was accu 
rately evaluated through the surface contamination analysis 
according to the present invention. 

First, the inventors prepared tWo silicon Wafers. The diam 
eter of the silicon Wafers Was 200 millimeters. The silicon 
Wafers Were p-conductivity type, and the resistivity Was of the 
order of l ohm-cm. 

Silicon oxide Was deposited over the entire surfaces of the 
silicon Wafers by using a chemical vapor deposition, and the 
silicon oxide layers Were 1000 nanometers thick. Photo-resist 
masks Were formed on the silicon oxide layers through the 
photo-lithography, and the silicon oxide layers Were selec 
tively etched by using a dry etching technique. Recesses 
penetrated through the silicon oxide layers, and reached the 
major surfaces of the silicon Wafers as shoWn in FIG. 2. The 
diameter of the recesses ranged from 0.25 microns to 3 
microns. The recesses Were 1000 nanometers deep. In FIG. 2, 
reference numerals 101 and 111 designate the silicon Wafer 
and the silicon oxide layer, respectively. One of the recesses is 
labeled With reference numeral 1 12, and the bottom surface is 
designated by reference numeral 1 13. The photo -resist masks 
Were ashed, and the silicon Wafers 101 Were cleaned through 
a series of cleaning/rinse techniques using the Water solution 
containing sulfuric acid and hydrogen peroxide, Water solu 
tion containing ammonia and hydrogen peroxide and pure 
Water. Organic compound and alkaline metals Were elimi 
nated from the resultant structure shoWn in FIG. 2. 
One of the silicon Wafers Was placed in a closed space 

Where synthetic oil Was vaporized. The silicon Wafer Was 
contaminated With the synthetic oil, i.e., hydrocarbon com 
pounds. The other silicon Wafer Was stored in a clean atmo 
sphere. The inventors used the silicon Wafer contaminated 
With the hydrocarbon and the clean silicon Wafer as the target 
substrate and the reference substrate, respectively. 
The inventors further prepared a pair of silicon Wafers. The 

silicon Wafers Were deposited With the silicon oxide, and the 
recesses Were formed in the silicon oxide layers of 1000 
nanometers thick. One of the silicon Wafers Was contami 
nated With the vapor of the synthetic oil, and the other Was 
stored in the clean atmosphere. Thus, one of the silicon Wafer 
Was contaminated With the hydrocarbon compound as similar 
to the target substrate, and the other silicon Wafer Was kept 
clean as similar to the reference substrate. Thus, tWo pairs of 
silicon Wafers Were obtained. 
The inventors ?rstly analyZed one of the tWo pairs of sili 

con Wafers by using a time-?ight secondary ion mass spec 
trometer. The contaminated silicon Wafer and the clean sili 
con Wafer Were radiated With an ion beam. Then, the 
contaminants Were scattered through the sputtering so as to 
analyZe the contaminants directly. HoWever, the surfaces of 
the silicon Wafers Were damaged due to the ion-bombard 
ment. The ionic species Were Ga", the accelerating energy 
Was adjusted to 25 KeV. lonic current Was 1.2 pA, and the 
incident angle Was 45 degrees. The mass spectrometry Was 
carried out in the bunching-repetition mode at 10 KHZ. An 
anti-static correction Was not carried out. The analyZed region 
Was 100 micron square. The results of the time-?ight second 
ary ion mass spectrometry Was shoWn in FIG. 3. Black col 
umns and White columns stood for the relative strength on the 
contaminated silicon Wafer and the relative strength on the 
clean silicon Wafer, respectively. 

Subsequently, the inventors placed the contaminated sili 
con Wafer and clean silicon Wafer of the other pair on the 
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collecting electrode 108, and the target regions Were succes 
sively aligned With the path for the electron beam 102 by 
controlling the movable stage 103. The electron beam 102 
Was radiated from the electron gun 104, and Was accelerated 
in the electric ?eld created by the anode 105. The acceleration 
energy Was adjusted to 500 eV, and the beam current Was 50 
pA. The electron beam 102 Was focused on the target region 
through the electron lens 107. Then, the electron beam 102 
gave rise to the electron scattering phenomenon, and the 
electric charges lost the balance in the target region. In order 
to recover the balance, the current ?eW through the ampere 
meter 109, and the amount of current Was accumulated for 
200 millisecond. 

The electron beam 102 accelerated at 500 eV gave rise to 
the electron scattering phenomenon in the surface portion of 
the silicon Wafers of the order of several nanometers. HoW 
ever, the acceleration energy might be adjusted to a value 
between 1 eV and 500 eV depending upon the contaminated 
substrate. HoWever, When clusters of tens nanometers to hun 
dreds nanometers Were predictable on the target region, the 
acceleration energy Was adjusted to a value betWeen 500 eV 
and 10000 eV. The beam current at 50 pA prevented the 
silicon Wafers from charge-up phenomenon. The beam cur 
rent between 1 pA and 50 pA Was preferable from the vieW 
point against the charge-up phenomenon. HoWever, if the 
beam current Was increased betWeen 50 pA and l nA, the 
signal-to-noise ratio Was improved. The present inventors 
con?rmed that the surface contamination Was analyZed With 
the electron beam 102 at l eV-l0000 eV at l pA-l nA. 

The electron beam 102 Was regulable in the Wide beam 
current range, i.e., l pA to l nA, and the loWer limit, i.e., l pA 
Was so small that the electron beam radiating unit 2 could 
make the electron beam 102 extremely narroW. The analyst 
precisely investigated the surface contamination over the tar 
get substrate With the extremely narroW electron beam 102 at 
a large signal-to-noise ratio. The present inventors con?rmed 
that the contaminants in the bottom of a micro-hole less than 
0.25 micron in diameter Were analyZed by using the surface 
contamination analyZer according to the present invention. 
The upper limit of the acceleration energy Was so large that 
the electron beam 102 could penetrate a thick silicon oxide 
layer, doped silicon oxide layer, silicon nitride layer and 
organic compound layers. The present inventors con?rmed 
that the electron beam penetrated through a silicon oxide 
layer greater in thickness than 1000 nanometers. 

The inventors investigated various substrates. The inven 
tors deposited metal, i.e., aluminum and titanium or semicon 
ductor, i.e., silicon-germanium and gallium arsenide over the 
silicon Wafers, and further deposited silicon oxide over the 
metal/ semiconductor layer. Micro-holes Were formed in the 
silicon oxide layers, and the substrates Were contaminated 
With the hydrocarbon compound. The inventors evaluated the 
surface contamination, and con?rmed that the surface con 
tamination Was accurately evaluated by using the surface 
contamination analyZing technique described hereinbefore. 
This is because of the fact that the band gaps in the hydrocar 
bon compounds are different from those of the metal and 
those of the other kinds of semiconductor. 

The inventors measured the accumulated current value 
over the major surfaces of the silicon Wafers 101. The con 
taminants Were dispersed over the major surface of the con 
taminated silicon Wafer 101 as shoWn in FIG. 4. The central 
area and the comers Was heavily contaminated, and the con 
tamination became light toWard the peripheral area. HoWever, 
the peripheral area Was locally contaminated. On the other 
hand, the dispersion Was not observed in the clean silicon 
Wafer. Accordingly, the accumulated current value Was 
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10 
Widely varied on the major surface of the contaminated sili 
con Wafer, and the average current value Was 1 .58 pA. On the 
other hand, the accumulated current value Was almost con 
stant over the major surface of the clean silicon Wafer, and the 
average current value Was 2.03 pA. Thus, the contaminated 
silicon Wafer Was smaller in average current value than the 
clean silicon Wafer. The inventors concluded that it Was pos 
sible to evaluate the surface contamination With hydrocarbon 
on semiconductor Wafers by comparing the average current 
value With that of the clean silicon Wafer, i.e., the reference 
substrate Without any damage to the silicon Wafers. 

If the contaminated region have been knoWn, the analyst 
directly aligns the contaminated region With the electron 
beam path. HoWever, if the contaminated region is unknoWn, 
the analyst stepWise aligns narroW regions With the electron 
beam path, and repeats the electron beam radiation and mea 
surement of the current at each point. When the entire surface 
of the target substrate Was radiated With the electron beam, the 
analyst can obtain a dispersion of the contamination over the 
entire surface on the basis of variation of measured current 
value. 
As Will be appreciated from the foregoing description, the 

electron beam is radiated onto a narroW region on the major 
surface of the target substrate so that the inelastic scattering 
takes place in the radiated region. The scattering phenomenon 
gives rise to current, and the amount of current is dependent 
on the substance in the radiated region, because conductive 
material, semiconductor material and insulating material 
have each band gaps different from one another. The surface 
contamination analysis according to the present invention is 
carried out on the basis of the difference in current. The 
amount of current ?owing out from the target substrate is 
measured for a certain time period, and the substance is 
speci?ed on the basis of the accumulated current value. 

There is not any limit on the incident angle of the electron 
beam. This means that, even if a deep hole With a large aspect 
ratio is formed in the target region, the electron beam can 
reach the bottom of the deep hole. Thus, the surface contami 
nation in the deep hole is analyZable through the surface 
contamination analyZing technique according to the present 
invention at a large signal-to-noise ratio. 

Moreover, the electron beam is focused on an extremely 
narroW region in so far as the electron beam current is fallen 
Within the Wide range, i.e., l pA to l nA. This means that the 
target substrate is precisely analyZed by using the surface 
contamination analyZing technique at a large signal-to-noise 
ratio. Thus, the surface contamination analysis according to 
the present invention is advantageous over the prior art sur 
face contamination analyZing techniques. 

Second Embodiment 

Turning to FIG. 5 of the draWings, another surface con 
tamination analyZer embodying the present invention also 
comprises a current measuring unit 1A and the electron beam 
radiating unit 2, Which is similar in structure to the electron 
beam radiating unit incorporated in the ?rst embodiment. 
Component parts of the electron beam radiating unit 2 are 
labeled With references designating the corresponding com 
ponent parts of the ?rst embodiment Without detailed descrip 
tion. 
The current measuring unit 1A is similar in structure to the 

current measuring unit 1 except a movable stage 103A. 
Although the movable stage 103 is tWo-dimensionally moved 
on a virtual plane 103 perpendicular to the electronbeam 102, 
the movable stage 103A is inclined from the virtual plane 
103B as Well as the tWo-dimensional motion on the virtual 
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plane 103B. In other Words, the movable stage 103A varies 
the angle y betWeen the virtual plane 103B and the major 
surface of the target substrate 101. 
The surface contamination analysis basically advances as 

similar to the ?rst embodiment. A difference from the surface 
contamination analysis implementing the ?rst embodiment is 
that the electron beam radiation is repeated by changing the 
incident angle. 

The surface contamination analysis starts With preparation 
of a clean substrate and a contaminated substrate. Each of the 
clean/contaminated substrates is placed on the collecting 
electrode 108 on the movable stage 103A, and the current 
?oWing into the ground 110 is measured for specifying the 
substance of the target region. If the target region has been 
already known, the movable stage 103A directly aligns the 
target region With the path of the electron beam 102, and the 
electron beam radiating unit 2 radiates the electron beam onto 
the target region. The current ?oWs through the ampere meter 
109, and the amount of current is measured for a certain time 
period. The movable stage 103A changes the angle y, and the 
target region is radiated With the electron beam 102 at differ 
ent incident angle. The current is measured for the certain 
time period. The electron beam radiation and the measure 
ment are repeated at different incident angles. 

The inventors prepared the silicon Wafers 101 formed With 
the recesses 112, and the recess 112 Was aligned With the path 
of the electron beam 102 (see FIG. 2). The inventors adjusted 
the acceleration energy and the electron beam current to 500 
eV and 50 pA, respectively, and the current Was measured for 
200 millisecond. The incident angle Was stepWise varied 
fromis'c radian to at radian, and the amount of current mea 
sured at different incident angles Was plotted as shoWn in FIG. 
6. The amount of current Was maximized at 0 radian., i.e., 
normal to the major surface, because the electron beam 102 
reaches the bottom 113 of the recess 112. The amount of 
current Was reduced together With the incident angle. Thus, 
the amount of current exhibited angle dependency. 

The pro?le representative of the angle dependency Was 
available for the three-dimensional contamination analysis. 
When the silicon Wafer contaminated With the vapor of syn 
thetic oil Was radiated With the electron beam 102 at different 
incident angle, the pro?le representative of the angle depen 
dency Was different from the pro?le shoWn in FIG. 6 depend 
ing upon the surface contaminated With the hydrocarbon 
compounds. The inventors investigated the surface contami 
nation after the dry etching on the silicon oxide layer 111. The 
residual hydrogen ?uoride and hydrocarbon compound Were 
left on the bottom surface of the recess 112. In the surface 
contamination analysis, the electron beam radiated at 0 radian 
reached the bottom 113 of the recess 112, and the contami 
nants Was in?uential in the amount of current. HoWever, the 
electron beam 102 obliquely radiated passed over the con 
taminants, and the amount of current Was free from the con 
taminants. Thus, the pro?le Was locally deformed, and the 
locally deformed pro?le exhibited the three-dimensional dis 
persion of the contaminants. The inventors concluded that the 
contamination Was three-dimensionally analyZable by using 
the surface contamination analyZer implementing the second 
embodiment. 

Third Embodiment 

The surface contamination analysis implementing the third 
embodiment comprises the step of treating a semiconductor 
Wafer or target substrate With heat in inert atmosphere at a 
predetermined temperature and the step for measuring the 
current ?oWing out from the semiconductor Wafer under the 
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electron beam radiation. These steps may be repeated. The 
surface contamination analyZer shoWn in FIG. 1 or 5 is used 
in the second step. 
The inventors prepared a contaminated silicon Wafer. The 

contaminated silicon Wafers Was placed on the movable stage 
103A, and the target region Was aligned With the path of the 
electron beam 102. The acceleration energy Was 500 eV, and 
the electron beam current Was 50 pA. The electron beam 102 
Was radiated from the electron gun 104 through the electron 
lens 107 onto the target region. The electron beam 102 gave 
rise to the electron scattering in the target region, and the 
current ?eW out from the target region. The amount of current 
Was measured, and the accumulation time Was 200 millisec 
ond. The current Was 1.61 pA. 

Subsequently, the contaminated silicon Wafer Was placed 
in nitrogen atmosphere created in a chamber of a fumace. The 
nitrogen atmosphere Was 70 degrees in centigrade, and the 
contaminated silicon Wafer Was treated With heat for 1 
minute. The inventors repeated the measurement. The 
amount of current Was 1.76 pA. 
The contaminated silicon Wafer Was placed in the nitrogen 

atmosphere at 70 degrees in centigrade, again, and the tem 
perature Was increased to 200 degrees in centigrade at 30 
degrees in centigrade per minute. The contaminated silicon 
Wafer Was kept in the high temperature nitrogen atmosphere 
for 1 minute. The inventors took out the contaminated silicon 
Wafer from the furnace, and measured the current under the 
electron beam radiation. The current Was increased to 1.89 
pA. 

The inventors put the contaminated silicon Wafer into the 
high temperature nitrogen atmosphere at 200 degrees in cen 
ti grade, and raised the temperature at 10 degrees in centigrade 
per minute. When the nitrogen atmosphere reached 300 
degrees in centigrade, the inventors stopped the temperature 
rise, and kept the contaminated silicon Wafer in the high 
temperature nitrogen atmosphere at 300 degrees in centigrade 
for one minute. The inventors took out the contaminated 
silicon Wafer from the chamber, and measured the current 
under the electron beam radiation. The current Was increased 
to 2.07 pA. 
The increase of the current Was derived from the evapora 

tion of certain contaminants. Some contaminants Were evapo 
rated at 70 degrees in centigrade, and several contaminants 
Were evaporated at 200 degrees in centigrade. Other contami 
nants Were evaporated at 300 degrees in centigrade. Thus, the 
contaminated silicon Wafer Was stepWise cleaned, and the 
amount of current Was increased. The difference in measured 
current Was unique to the contaminants removed from the 
contaminated silicon Wafer. Thus, the contaminants Were 
speci?ed on the basis of the different in current measured 
after the heat treatment at a certain temperature. 
The stepWise evaporation may be available for the surface 

contamination analysis from another point of vieW. An ana 
lyst is assumed to specify a contaminant. The analyst places 
the contaminated substrate in inert atmosphere, and heats the 
contaminated silicon Wafer to the evaporation temperature of 
the knoWn contaminant. The knoWn contaminant is removed 
from the contaminated substrate, and the next analysis 
becomes simple. 

Fourth Embodiment 

In yet another surface contamination analysis embodying 
the present invention, the electron beam radiation is repeated 
under different conditions. The surface contamination ana 
lyZer shoWn in FIG. 1 or 5 is available for the surface con 
tamination analysis implementing the fourth embodiment. 
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The inventors prepared a contaminated silicon Wafer, and 
placed it on the collecting electrode 108. A target region Was 
aligned With the path of the electron beam 102, and the 
electron beam 102 Was radiated onto the target region at 500 
eV at 50 pA. The current ?eW out from the target region, and 
the inventors measured the amount of current. The current 
Was 1.60 pA. 

Subsequently, the inventors adjusted the acceleration 
energy to 1000 eV, and the measured the current under the 
electron beam radiation at 50 pA. The amount of current Was 
2.24 pA. The inventors further increased the acceleration 
energy to 1500 eV, and measured the current under the elec 
tron beam radiation at 50 pA. The amount of current Was 
increased to 3.48 pA. Thus, the amount of current Was varied 
together With the acceleration energy. 

FIG. 7 shoWs a relation betWeen the acceleration energy 
and the projection range of implanted electrons. The stronger 
the acceleration energy, the longer the projection range. The 
implanted electron beam causes the inelastic scattering to 
take place, and the inelastic scattering gives rise to the gen 
eration of the current ?oWing out from the region there 
around. When the electron beam 102 reaches the deep region, 
the electrons are generated through the scattering more than 
those generated by the electron beam terminated at a shalloW 
region. When a large organic compound cluster of tens 
nanometers to hundreds nanometers exists in the target 
region, the electron beam 102 is terminated at a certain region 
in the large cluster in so far as the acceleration energy is Weak. 
HoWever, the electron beam reaches a deeperportion together 
With the increase of acceleration energy, and ?nally, reaches 
the silicon Wafer. Accordingly, the amount of current Was 
continuously increased in the large organic compound clus 
ter, and is drastically varied at the boundary betWeen the large 
organic cluster and the silicon Wafer. The analyst can deter 
mine the siZe of the large organic compound cluster on the 
basis of the acceleration energy at the drastic change. 

Contribution To Fabrication Process 

If a contaminated semiconductor Wafer is conveyed from 
one apparatus to another, the contaminants are also carried to 
the next stage, and the contamination is spread over the fab 
rication system. In order to prevent the fabrication system 
from the contamination, it is necessary to evaluate the surface 
contamination of silicon Wafers. If the contamination is seri 
ous, the silicon Wafer is to be cleaned. 

FIG. 8 shoWs a process for fabricating semiconductor 
devices, and the surface contamination analysis according to 
the present invention is incorporated in the process. The pro 
cess may be categoriZed in a single Wafer processing. 
A cleaning, drying, etching, photo-resist removal, ion-im 

plantation or ashing is, by Way of example, carried out at step 
S11. The cleaning means a Wet cleaning, Which may be car 
ried out in Water solution containing sulfuric acid and hydro 
gen peroxide Which is abbreviated as “SPM”, Water solution 
containing ammonia and hydrogen peroxide Which is abbre 
viated “APM or SC-l”, diluted hydro?uoric acid Which is 
abbreviated as “DHF”, brush-scrubbing, hydrogen-contain 
ing Water and ozone-containing Water. The Wet cleaning may 
be assisted With megasonic or ultrasonic. When the previous 
stage is completed, the manufacturer makes a decision 
Whether or not the semiconductor Wafer is to be investigated 
for the surface contamination as by step S12. If surface con 
tamination is predicted, the ansWer is given af?rmative, and 
the surface contamination analysis is carried out as by step 
S13. On the other hand, there is not any serious contamination 
source in the previous stages. The ansWer at step S12 is given 
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negative, and the manufacturer decides the process to proceed 
to the next stage at step S16. A heat treatment, thin ?lm 
groWth, deposition, ion-implantation, dry etching or photoli 
thography is carried out in the next stage. 
The manufacture is assumed to decide the semiconductor 

Wafer to be investigated at step S12. The semiconductor Wafer 
is subjected to the surface contamination analysis. The semi 
conductor Wafer is put on the movable stage 103/ 103A, and a 
target region is aligned With the path of the electron beam 102. 
The electron beam 102 is radiated onto the target region at a 
predetermined acceleration energy and at a predetermined 
beam current. The scattering takes place, and gives rise to 
generation of current ?oWing out from the target region. The 
current value is accumulated for a predetermined time period. 
The semiconductor Wafer may be inclined so as to repeat the 
electron beam radiation at different angles. The movable 
stage 103/ 103A makes the next target region aligned With the 
path of the electron beam 102, and the electron beam radia 
tion is repeated so as to measure the current. When the current 
is measured in all of the target regions or entire surface of the 
semi-conductor Wafer, the analyst proceeds to step S14. 
The analyst checks the accumulated current values to see 

Whether or not the degree of contamination exceeds a critical 
value as by step S14. First, the accumulated current values are 
subtracted from accumulated current values measured in a 
reference semiconductor Wafer, and the differences are abso 
lutiZed. The absolute values are representative of the degree 
of contamination. The absolute values are compared With a 
margin to be alloWed in the next stage, i.e., the critical value. 
The margin has been experimentally determined. If the abso 
lute values are less than the margin, the ansWer at step S14 is 
given negative, and the manufacturer proceeds to the next 
stage. On the other hand, When the absolute values are equal 
to or greater than the margin, the surface contamination is 
serious, and the ansWer at step S14 is given af?rmative. 
The manufacturer proceeds to step S14, and the semicon 

ductor Wafer is cleaned through an appropriate cleaning tech 
nique so as to remove the contamination from the semicon 
ductor Wafer. 

EXAMPLES 

The inventors investigated the effects of the fabrication 
process containing the surface contamination analysis. The 
inventors prepared tWo 8-inch silicon Wafers. Silicon oxide 
Was thermally groWn to 10 nanometers thick on the major 
surfaces of the silicon Wafers, and, thereafter, the tWo silicon 
Wafers Were left in the clean room for a Week. One of the 
silicon Wafers, ie the ?rst silicon Wafer Was assumed that the 
negative ansWer Was given at step S12, and the other silicon 
Wafer, i.e., the second silicon Wafer Was assumed that the 
positive ansWer Was given at step S12. 
The second silicon Wafer Was investigated at step S13. The 

surface contamination Was serious, and the ansWer at step S14 
Was given af?rrnative. With the positive ansWer at step S14, 
the second silicon Wafer Was cleaned through a series of 
cleaning steps using Water solution containing sulfuric acid 
and hydrogen peroxide, Water solution containing ammonia 
and hydrogen peroxide and diluted hydro?uoric acid, and, 
thereafter, the second silicon Wafer Was rinsed in pure Water. 
The inventors evaluated the ?rst silicon Wafer and the sec 

ond silicon Wafer by using FT-IR method. The contaminants 
on the second silicon Wafer Were CH2 at 0.5><10l4 molecules/ 
cm2 and CH3 at 0.13><10l4 molecules/cm2 after step S15. On 
the other hand, the ?rst silicon Wafer Was not subjected to 
neither surface contamination analysis at step S13 nor clean 
ing at step S15, and the contaminants on the ?rst silicon Wafer 
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Were 10><10l4molecules/cm2 and CH3 at1.1><1014molecules/ 
cm2. The present inventors con?rmed that the surface con 
tamination analysis followed by the cleaning Was effective 
against the spread of the contaminants over the fabrication 
system. Only the seriously contaminated silicon Wafers Were 
cleaned so that the surface contamination analysis according 
to the present invention is economical. 

The inventors selectively carried out the cleaning by using 
the megasonic, the cleaning in the oZone-containing Wafer, 
the cleaning in the hydrogen-containing Water and the brush 
scrub cleaning at step S15, and con?rmed that the silicon 
Wafers Were decontaminated. The inventors concluded that 
the manufacturer Was to select any cleaning method appro 
priate to the predicted contaminants. 

Accordingly, the fabrication process is modi?ed as shoWn 
in FIG. 9. In this instance, the analyst applies plural critical 
values to the absolute values of the differences. In this 
instance, the absolute values are compared With tWo critical 
values for tWo kinds of cleaning method. If the absolute 
values are closer to the ?rst critical value than the second 
critical value, the manufacturer proceeds to step S15A. On the 
other hand, if the absolute values are closer to the second 
critical value than the ?rst critical value, the manufacturer 
proceeds to step S15B. The ?rst kind of cleaning method is, 
by Way of example, different from the second kind of cleaning 
method in cleaner used therein, the concentration of the 
cleaner, cleaning temperature and time period to be con 
sumed. 
The accumulated current value is assumed to be fallen 

Within the range betWeen 2.0 pA and 2.5 pA under the con 
ditions that the acceleration energy and the beam current are 
500 eV and 30 pA. The manufacturer proceeds to the ?rst 
cleaning 815A, and the silicon Wafer is decontaminated in 
cleaning solution containing hydro?uoric acid and Water at 
1 : 100 at 22 degrees in centigrade for one minute. On the other 
hand, When the accumulated current value is fallen Within the 
range equal to or greater than 1.8 pA and less than 2.0 pA, the 
silicon Wafer is decontaminated in cleaning solution contain 
ing hydro?uoric acid HF, hydrogen peroxide H202 and Water 
H2O at 1:1:100 at 22 degrees in centigrade for 0.5 minute. 
As Will be appreciated from the foregoing description, the 

surface contamination analysis is based on the current ?oW 
ing out from a target region under the electron beam radiation. 
Even if the target region has a complicated contour and is 
contaminated With plural contaminants, the degree of con 
tamination is accurately decided Without damage to the target 
region. The incident angle of the electron beam is variable so 
that the electron beam reaches the bottom of a micro-hole 
With a large aspect ratio. Moreover, the electron beam current 
is selectable in the Wide range, and is focused on an extremely 
narroW region. Thus, the analyst precisely evaluates the sur 
face contamination on a target substrate. 
When the surface contamination analysis is introduced into 

a process for fabricating semiconductor devices, the manu 
facturer evaluates the semiconductor Wafers at any point in 
the process sequence, and selectively decontaminates the 
seriously contaminated semiconductor Wafers. Thus, the 
manufacturer prevents the fabrication system from the unde 
sirable contaminants, and enhances the production yield and 
the reliability of products. 

Although particular embodiments of the present invention 
have been shoWn and described, it Will be apparent to those 
skilled in the art that various changes and modi?cations may 
be made Without departing from the spirit and scope of the 
present invention. 

For example, the accumulated current values at certain 
points in the fabrication system may be stored in certain ?les, 
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respectively. In this instance, the analyst Watches the variation 
of the accumulated current values at each point to see Whether 
or not the fabrication apparatus at the previous stage is 
troubled. If the accumulated current values at the certain 
point, the analyst predicts the trouble for trouble shooting. 
Even tough there are plural steps until the certain point, the 
analyst speci?es the apparatus in trouble on the basis of the 
characteristic patterns of the accumulated current values. 

What is claimed is: 
1. A method for investigating contamination of a target 

region of a semiconductor Wafer, the method comprising: 
irradiating the target region With an electron beam; 
measuring the amount of current generated from the semi 

conductor Wafer in response to the irradiating the target 
region With the electron beam; and 

comparing the amount of current generated in response to 
the irradiating of the electron beam With a reference 
current to determine a difference therebetWeen to detect 
one or more contaminates on or in the target region. 

2. The method of claim 1 Wherein the reference current is 
generated in response to irradiating a region of a reference 
Wafer With an electron beam. 

3. The method of claim 1 further including determining a 
degree of contamination on or in the target region using (1) 
the amount of current generated in response to the irradiating 
of the electron beam and (2) the reference current. 

4. The method of claim 1 further including generating a 
three-dimensional representation of the degree of contamina 
tion using (1) the amount of current generated in response to 
the irradiating of the electron beam and (2) the reference 
current. 

5. The method of claim 1 Wherein measuring the amount of 
current generated in response to irradiating the target region 
With the electron beam includes: 

irradiating the target region With the electron beam at a ?rst 
incident angle; 

measuring the amount of current generated in response to 
the irradiating the target region With the electron beam at 
the ?rst incident angle; 

irradiating the target region With the electron beam at a 
second incident angle; and 

measuring the amount of current generated in response to 
the irradiating of the electron beam at the second inci 
dent angle. 

6. The method of claim 5 further including determining a 
degree of contamination on or in the target region using (1) 
the amount of current generated in response to the irradiating 
of the electron beam at the ?rst incident angle and (2) the 
amount of a current generated in response to the irradiating of 
the electron beam at the second incident angle. 

7. The method of claim 5 further including generating a 
three-dimensional representation of the degree of contamina 
tion using the amount of current generated in response to the 
irradiating of the electron beam at the ?rst and second inci 
dent angles. 

8. The method of claim 1 further including removing at 
least one contaminant from the target region after detecting at 
least one contaminant on or in the target region. 

9. The method of claim 1 further including evaporating at 
least one contaminant from the target region after detecting 
the at least one contaminant on or in the target region. 

10. The method of claim 1 further including: heat treating 
the Wafer to remove at least one contaminant on or in the 

target region; and thereafter, irradiating the target region With 
the electron beam; and measuring the amount of current gen 
erated in response to the irradiating of the electron beam. 
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11. The method of claim 1 further including: measuring the 
amount of current generated in response to the irradiating the 
target region With the electron beam When the Wafer is at a 
?rst temperature; and measuring the amount of current gen 
erated in response to the irradiating the target region With the 
electron beam When the Wafer is at a second temperature. 

12. The method of claim 11 further including detecting a 
difference betWeen the amount of current generated in 
response to irradiating the target area With the electron beam 
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at the ?rst temperature and the amount of current generated in 
response to irradiating the target area With the electron beam 
at the second temperature. 

13. The method of claim 12 further including generating a 
three-dimensional representation of a degree of contamina 
tion using the amount of current generated in response to the 
irradiating of the electron beam at the ?rst and second tem 
peratures. 


